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Crop Economics, Production & Management

Litter Deposition and Nitrogen Return in Rotationally Stocked
Smooth Bromegrass Pastures
John A. Guretzky,* Walter H. Schacht, Ana B. Wingeyer, Terry J. Klopfenstein, and Andrea Watson

ABSTRACT

Understanding how management systems impact nutrient cycling is important to pasture sustainability. From 2010 to 2011,
we investigated how supplementation of beef cattle (Bos taurus) with corn (Zea mays L.) dried distillers grains plus solubles
(DDGS) on unfertilized, rotationally stocked smooth bromegrass (Bromus inermis Leyss.) pasture (SUPP) affected the litter
pool, residual herbage mass, litter deposition, and litter quality relative to unsupplemented beef cattle rotationally stocked on
unfertilized control (CONT) and N-fertilized (FERT) smooth bromegrass pastures. As hypothesized based on management for
greater herbage mass and animal demand during the grazing season, litter deposition was 48% greater in FERT than CONT and
SUPP. Management effects, however, depended on year and rotation. Differences in the litter pool, residual herbage mass, and
litter deposition typically were greatest before and after the third and fourth rotations, time periods coinciding with peak herbage mass. Meanwhile, deposited litter contained 16.5, 18.1, and 18.9 g N kg–1 and returned 27, 30, and 46 kg N ha–1 through the
158-d grazing season, equivalent to 35, 23, and 34% of total N returning through litter and excreta in CONT, SUPP, and FERT,
respectively. Trampling during the 4- to 6-d grazing periods and senescence of herbage contributed to litter deposition. Increase
of litter deposition and N return during the grazing season in FERT indicated this system may maintain better soil quality than
CONT and SUPP. More research is necessary to examine how changes in litter deposition and N return affect litter decomposition, N losses, and soil organic matter dynamics.

With costs of N fertilizer application rising, aware-
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the SUPP management system produced greater economic
returns because of reduced N fertilizer costs and improved
animal performance (Watson et al., 2012).
To improve understanding of N cycling and efficiency in the
vegetation and soil complex requires the study of how these
management systems affect herbage accumulation and presence
of plant species (Guretzky et al., 2013), litter production, litter
decomposition, particulate soil organic matter, and soil organic
C and N. Measurement of the litter pool, residual herbage
mass, litter deposition rates and litter quality were objectives
of the present study because of their responsiveness to pasture
management and role in grassland ecosystem function (Boddey
et al., 2004; Bruce and Ebersohn, 1982; Naeth et al., 1991b; de
P. Rezende et al., 1999). Litter constitutes an organic matter
pool that intercepts rainfall and solar radiation, modifies soil
moisture and temperature dynamics, and influences species
composition in grasslands (Facelli and Pickett, 1991; Naeth et
al., 1991a; Willms et al., 1993). Furthermore, its decomposition returns greenhouse gases to the atmosphere and nutrients
to soil (Aerts, 1997; Aerts and de Caluwe, 1997; Aerts et al.,
2003; Boddey et al., 2004; Bontti et al., 2009; Meier and
Bowman, 2008). We hypothesized greater annual herbage
accumulation in FERT (Guretzky et al., 2013) combined with
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of Nebraska-Lincoln.

ness of detrimental N losses to the environment increasing,
and pasture acreage as a whole decreasing, efforts have been
underway to increase N use efficiency in beef cattle production
systems. In recent years, by-products from the ethanol industry
including corn DDGS have become available, and their use in
feedlot and pasture systems has provided a means to increase
crude protein and digestible dry matter (DM) concentrations
while substituting for forage in beef cattle diets (Klopfenstein
et al., 2008). In 2005, a long-term experiment was initiated in
Nebraska to compare average daily gain and total body weight
gain per hectare of steers rotationally stocked and supplemented with corn DDGS on unfertilized smooth bromegrass
pasture (SUPP) with those of unsupplemented steers rotationally stocked on unfertilized control (CONT) and N-fertilized
(FERT) smooth bromegrass pasture. Steers in SUPP had better
body weight gains than steers in CONT and FERT (Greenquist et al., 2009; Moore et al., 2012; Watson et al., 2012), and
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increased trampling and senescence would increase the litter
pool, litter deposition rates, and litter N return to soil in FERT
relative to CONT and SUPP. Changes in litter quality also
were expected with the change in amount and source of N
input to the pasture. Litter variables were not measured until
the sixth (2010) and seventh (2011) years of the experiment,
thus avoiding any initial lag in litter responses to management
systems (Apolinário et al., 2013).
MATERIALS AND METHODS
Site Description
Research was conducted within an ongoing smooth bromegrass pasture experiment at the University of Nebraska-Lincoln
(UNL) Agricultural Research and Development Center near
Mead, Nebraska (96°33′ W, 41°11′ N) where body weight
gains of beef cattle have been recorded for CONT, SUPP, and
FERT since 2005 (Greenquist et al., 2009; Moore et al., 2012;
Watson et al., 2012). The soils were deep silty clay loams consisting of four soil series: Tomek (fine, smectitic, mesic Pachic
Argiudoll), Filbert and Filmore (both fine, smectitic, mesic
Vertic Argialboll), and Yutan eroded (fine-silty, mixed, superactive, mesic Mollic Hapludalf) (USDA-NRCS, 2012). Soil
samples collected to a 15-cm depth in October 2010 showed
there was elevated pH, salt, P, and K within a 5-m zone around
the pasture entrances, water sources, and supplemental feed
bunks but there were no management system effects on soil
chemical properties either within this zone or elsewhere across the
pastures (unpublished data, 2013). On average, pastures contained
4.0% organic matter, a pH of 5.5, 24.2 g C kg–1 (39.4 Mg C ha–1),
2.34 g N kg–1 (3.83 Mg N ha–1), 753 mg K kg–1, and 16 mg P kg–1
at the 0- to 15-cm depth. All pastures were fertilized at
90 kg N ha–1 yr–1 for a decade before initiation of the experiment in 2005 (Greenquist et al., 2009). An automated weather
station located near the pastures provided daily precipitation
and temperature. From 1968 to 2011, average annual precipitation and temperature were 719 mm and 10.0°C, respectively
(High Plains Regional Climate Center, 2012).
Treatments and Experimental Design
The experiment initiated in 2005 was a randomized complete block design consisting of three blocks and three pasture
treatments (i.e., nine experimental units). Treatments included
FERT, the N fertilization management of 90 kg N ha–1 applied
annually as urea since before the experiment was set up in
2005, unfertilized CONT pasture, and unfertilized SUPP pasture where steers were supplemented from a bunk with DDGS
(Table 1). Each of the nine experimental units was split into
six paddocks and rotationally stocked from late April through
September. There were five cycles of grazing per year in each set
of six paddocks. During the first cycle in spring while smooth
bromegrass growth was most rapid, cattle were moved among
paddocks every 4 d. From the second through the fourth cycles,
cattle were moved to the next paddock every 6 d. During the
fifth cycle, grazing period length for a paddock was 4 d in 2010
and 6 d in 2011. The grazing season ran from 20 April to 22
September and 19 April to 4 October in 2010 and 2011, respectively (Table 1; 158 d across years).
The initial stocking rates in animal unit days (AUD) ha–1
were adjusted for pasture productivity and supplementation
176

(Table 1). Pre- and post-rotation herbage mass was intensively measured during the first year of this experiment, but
significant variation in these measurements made them poor
predictors of herbage intake rates (Baleseng, 2006). Therefore,
one AUD was assumed equivalent to 10.2 kg DM in CONT
and FERT and 7.4 kg DM in SUPP, the amount of forage a
454 kg animal consumes in 1 d based on computed intake rates
with National Research Council (1996) equations and herbage replacement with DDGS (Greenquist et al., 2009, 2011).
Initial stocking rate for FERT pasture was 276 AUD ha–1
based on long-term stocking rate records for the site and UNLExtension recommendations (Waller et al., 1986). The initial
stocking rate of CONT pasture was 192 AUD ha–1 based on
data supporting 30% less herbage production in unfertilized
stands of smooth bromegrass (Colville et al., 1963) compared
with fertilized (90 kg N ha–1) smooth bromegrass pasture
(i.e., 192 AUD ha–1 in CONT/276 AUD ha–1 in FERT ×
100 = 70%). Initial stocking rates in SUPP (276 AUD ha–1)
were equivalent to FERT due to reduced herbage DM intake
in SUPP relative to FERT (7.4 kg AUD–1/10.2 kg AUD–1 ×
100 = 72%). Within SUPP paddocks, cattle were fed DDGS at
0.6% of body weight (2.72 kg DM AUD–1) between 0600 and
0800 h from bunks placed near water tanks and entrances to
each paddock. The experimental units with their six paddocks
were 2.01 ha for FERT and SUPP and 2.90 ha for CONT to
achieve recommended initial stocking rates (Table 1).
Stocking density varied across the season as put-and-take
cattle were used to maintain comparable cumulative grazing
pressure (Smart et al., 2010; Allen et al., 2011) across treatments at the end of the grazing season (Table 1). The number of
put-and-take cattle varied among treatments and years based on
daily observations of herbage mass, precipitation, and expected
herbage accumulation throughout the growing season. The
management goal with the use of put-and-take animals was
to maintain equal cumulative grazing pressure and an end-ofseason herbage mass of 1200 kg ha–1 (Greenquist et al., 2009).
Calibration of a drop disk method with herbage mass in 2005
found that an herbage mass of 1200 kg ha–1 at the end of the
grazing season corresponded to a 10-cm stubble height (Baleseng, 2006). In subsequent years, all paddocks were grazed to a
10-cm stubble height (Greenquist et al., 2011). Stocking rates
after adjustments for put-and-take cattle averaged 256, 399, and
387 AUD ha–1 in CONT, SUPP, and FERT, respectively, during the first 5 yr of the experiment (Watson et al., 2012) and
222, 345, and 345 AUD ha–1 in CONT, SUPP, and FERT,
respectively, in 2010 and 2011 (Moore et al., 2012). Tester animals were predominately Angus cross-bred steers. Across treatments, initial body weights of tester animals averaged 325 kg from
2005 to 2009 (Watson et al., 2012) and 300 kg from 2010 to
2011 (Moore et al., 2012). Final body weights averaged 436,
475, and 434 kg from 2005 to 2009 (Watson et al., 2012) and
447, 492, and 438 kg from 2010 to 2011 (Moore et al., 2012) in
CONT, SUPP, and FERT, respectively.
Nitrogen Balance
During this experiment, urea was surface-applied in a single
application to FERT paddocks at 90 kg N ha–1 in late March
to early April of each year. In SUPP, N input through DDGS
fed to cattle was 49 kg ha–1 yr–1 from 2005 to 2009 (Watson
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Table 1. Management system characteristics and N balance of unfertilized (CONT), dried distillers grains plus solubles (DDGS)-supplemented (SUPP),
and N-fertilized (FERT) smooth bromegrass pastures at Mead, NE, from 2010 to 2011.
Item

Units

Paddock
Herbage accumulation†
Initial stocking rate‡
Final stocking rate
Grazing season
Cumulative grazing pressure§
Fed DDGS input¶
Fed DDGS N input#
Fertilizer N input
Atmospheric N input††
Total N input
Herbage N consumption‡‡
Total N consumption§§
N retention¶¶
N excretion##
N balance†††

ha
Mg ha–1 yr–1
AUD ha–1
AUD ha–1
days
AUD Mg–1
kg AUD–1
kg N ha–1
kg N ha–1
kg N ha–1
kg N ha–1
kg N ha–1
kg N ha–1
kg N ha–1
kg N ha–1
kg N ha–1

CONT
2.90
6.87
192
222
158
32
0
0
0
7
7
55
55
5
50
2

Management system
SUPP
2.01
6.80
276
345
158
37
2.72
43
0
7
50
66
109
9
100
41

FERT
2.01
10.58
276
345
158
33
0
0
90
7
97
97
97
7
90
90

† From Guretzky et al. (2013).
‡ One animal unit day (AUD) was equivalent to 10.2 kg DM d –1 in CONT and FERT and 7.4 kg DM d –1 in SUPP based on National Research Council (1996) calculations of
intake rates in these pastures (Greenquist et al., 2009; Greenquist et al., 2011).
§ Cumulative grazing pressure = Final stocking rate/Herbage accumulation (Smart et al., 2010; Allen et al., 2011). In SUPP, this calculation was adjusted for less herbage
intake due to herbage replacement with DDGS (Greenquist et al., 2009; Greenquist et al., 2011).
¶ Animals were supplemented daily at 0.6% body weight with DDGS containing 4.6% N (28.9% crude protein), 11.9% fat, and 31% NDF on a dry matter basis.
# Fed DDGS N input = Fed DDGS input (kg DDGS AUD –1) × DDGS N concentration × final stocking rate (AUD ha –1).
†† National Atmospheric Deposition Program (http://nadp.sws.uiuc.edu/, accessed 9 Jan. 2013).
‡‡ Herbage N consumption = herbage N concentration × herbage intake (kg AUD –1) × stocking rate (AUD ha –1).
§§ Total N consumption = herbage N + fed DDGS N input.
¶¶ Nitrogen retention = N retained AUD –1 × Final stocking rate. Values for N retained AUD –1 were based on actual cattle gains, National Research Council (1996) equations which estimate the proportion of gain that is protein (N), and Greenquist et al. (2011).
## Nitrogen excretion = N consumption – N retention.
††† N balance (surplus) = Total N inputs – N retention.

et al., 2012) and 43 kg N ha–1 yr–1 in 2010 to 2011 (Table 1).
Atmospheric deposition was estimated to supply an additional 7 kg N ha–1 yr–1 across treatments from 2010 to 2011
(National Atmospheric Deposition Program, 2012). For consistency with earlier research, calculations of herbage N consumption were based on diet collections of herbage N and averaged
2.45, 2.60, and 2.78% in CONT, SUPP, and FERT, respectively (Greenquist et al., 2011). Nitrogen balance of pastures
was dominated by N inputs rather than N retained by cattle.
National Research Council (1996) equations computed N
retention by cattle to be 5, 11, and 8 kg N ha–1 yr–1 from 2005
to 2007 (Greenquist et al., 2011) and 5, 9, and 7 kg N ha–1 yr–1
from 2010 to 2011 (Guretzky et al., 2013) in CONT, SUPP,
and FERT, respectively. Across the grazing season, N excretion
was computed to be 100% greater in SUPP than CONT and
11% greater in SUPP than FERT (Table 1).

and herbage sampling because of their perceived homogeneity
and to maintain consistency of sampling times with respect to
where cattle were grazing during their rotations. The litter pool
was sampled ~20 d before cattle grazed the paddocks during
the first rotation (6 Apr. 2011), the third rotation (4 June 2010
and 27 May 2011), the fourth rotation (8 July 2010 and 14 July
2011), and the fifth rotation (18 Aug. 2010 and 10 Aug. 2011).
Measurements on 28 Sept. 2010 and 22 Sept. 2011 occurred
~18 d after the fifth and final rotation.
During sampling, all identifiable litter that was senescent and
detached from herbage and partially decomposed plant residues on the soil surface within each quadrat were collected by
hand and bagged as separate samples. During these collections,
existing herbage, whether live or dead, remained intact. The
litter samples were then returned to the laboratory and dried at
60°C for 3 d. After drying, the samples were sorted on a 2-mm
sieve to remove any soil gathered during litter collection and
standardize litter fragment size. Litter remaining on top of the
sieve was bagged again, and dried at 60°C until constant weight.
After weighing, the four samples from each sampling date and
paddock were combined and ground with a Wiley mill to pass a
1-mm mesh sieve before chemical composition analysis.

Measurement of the Litter Pool
Within each experimental unit, the litter pool was measured
in four, randomly-distributed 0.09-m2 quadrats on 4 June, 8
July, 18 Aug., and 28 Sept. 2010 and 6 Apr., 27 May, 14 July,
10 Aug., and 22 Sept. 2011. On each sampling date, the litter
pool was measured in new quadrats avoiding possible areas
of increased trampling and excreta distribution within 1 m
of fences and 5 m of water sources, feed bunks, and paddock
entrances. To minimize spatial variation, the litter pool was
measured in only one of the six paddocks within each experimental unit. These paddocks were initially chosen for litter
Agronomy Journal
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Mass and Litter Deposition
Following measurement of the litter pool, each sampling
location was flagged to measure residual herbage mass and litter
deposition after the cattle rotations. Residual herbage mass
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and litter deposition was measured ~28 d after measurement
of the litter pool on 28 June, 12 Aug., 16 Sept., and 3 Nov.
2010 and 29 Apr., 14 July, 3 Aug., 8 Sept., and 26 Oct. 2011.
These dates occurred after cattle grazed through the paddock
during the first rotation (29 Apr. 2011), the third rotation (28
June 2010 and 14 July 2011), the fourth rotation (12 Aug. 2010
and 3 Aug. 2011), and the fifth rotation (16 Sept. 2010 and 8
Sept. 2011). Measurements on 3 Nov. 2010 and 26 Oct. 2011
occurred ~50 d after the fifth and final cattle rotation.
Residual herbage (live, standing dead, and trampled) within
each quadrat was clipped at a 2.54-cm stubble height and
bagged. Then new litter that was senescent, detached from
residual herbage, and deposited on the soil surface was collected and bagged using the same procedures as for the litter
pool. The herbage and new litter samples were then returned to
the laboratory and dried at 60°C for 3 d. Following drying, the
new litter samples were sorted on top of a 2-mm sieve to remove
any soil gathered during litter collection, standardize litter
fragment size, and separate litter into leaf and stem fractions.
The leaf and stem litter fractions were bagged again separately
and dried at 60°C until constant weight. Litter deposition
appeared to be generated in a pulse from trampling in the
preceding 4- to 6-d grazing period and continuously through
senescence since measurement of the litter pool. It was our
observation that live herbage trampled during the recent 4- to
6-d grazing period remained semi-upright and attached at the
base of the plant and thus constituted part of the residual herbage pool, whether or not this herbage eventually died and made
its way to the litter pool. To account for potential influence of
varying days between time of the initial litter pool sampling
and measurement of litter deposition, litter, leaf litter, and
stem litter deposition rates were computed by dividing mass
of the new litter that accumulated by the number of days since
the litter pool was sampled. Litter, leaf litter, and stem litter
deposition rates were not corrected for potential decomposition
losses between sampling of existing litter and deposited litter
because <30 d litter decomposition losses (<0.005 kg kg–1 d–1)
were found to be constant across treatments in these pastures
(unpublished data, 2013). Following recording of dry weights,
the four leaf litter and four stem litter subsamples from each
experimental unit were combined and ground with a Wiley
mill at a 1-mm particle size.
Litter Quality Analysis
All composite litter pool, residual herbage, deposited leaf
litter, and deposited stem litter samples from each sampling
date were analyzed for C, N, neutral detergent fiber (NDF),
ADF, and lignin (C and N only for herbage) at the UNL
Ecosystem Analysis Laboratory. Carbon and N concentrations
were determined by dry combustion with a COSTECH Analytical Elemental Combustion System (ECS) 4010 (Costech
Analytical Technologies, Inc., Valencia, CA). Fiber analysis
was completed with an Ankom 200 Fiber Analyzer (Ankom
Technology, Macedon, NY). The fiber analysis procedure
used a series of heated extractions to determine NDF, ADF,
and ADL. In extraction 1, sodium sulfite and α-amylase were
used for determination of the soluble and NDF fractions (Van
Soest et al., 1991; Mertens, 2002). Acid detergent fiber was
determined by extraction of the NDF fraction with a mild
178

acid detergent consisting of 0.5 M sulfuric acid (Van Soest et
al., 1991). Acid detergent lignin was determined by extraction
of the ADF fraction with 72% sulfuric acid (Van Soest et al.,
1991). Litter mass and chemical components were expressed
on an organic matter (OM) basis after correction for ash. Ash
content was determined by drying 1 g of sample at 105°C and
then heating the sample at 550°C for 6 h (Jacobs et al., 2011).
Statistical Analysis
The objective of this study was to evaluate the effect of management system (CONT, SUPP, and FERT) on the litter pool,
litter deposition rate, litter quality, and residual herbage mass
in an ongoing randomized complete block field experiment
with three blocks. It was assumed that changing environmental
conditions during the growing season could affect litter mass
and quality; thus, the variables were measured before and after
four cattle rotations in 2010 and five cattle rotations in 2011.
A hail storm on 13 Sept. 2010 made significant damage in the
experiment, detaching live herbage, before litter deposition
could be measured after the fifth rotation in 2010. Given the
spike in litter deposition on the 16 Sept. 2010 sampling date, it
was removed from the analysis. Since litter and herbage measurements were collected on the same experimental unit across
time, data were analyzed as a repeated measures design using
mixed model procedures (Littell et al., 1996). Fixed effects in
the model were management system, year, and rotation (i.e.,
sampling date), and their two- and three-way interactions.
Block × system was the experimental unit on which repeated
measurements were taken and thus, was designated as the
subject term in the repeated statement. The covariance structure also was modeled and specified in the repeated statement
(Littell et al., 1996). After examination of Akaike’s Information Criterion, Schwarz’ Bayesian Criterion, and tests of fixed
effects in the model, it was determined a compound symmetric
covariance structure was most desirable for all variables. Significant differences between management systems, years, rotations, and interactions were declared significant at the P ≤ 0.05
probability level.
RESULTS AND DISCUSSION
Weather
Cumulative precipitation was below average from October 2010 through September 2011 (2010–2011), totaling
603 mm compared with 932 mm across this same period from
2009–2010 (Fig. 1). Despite less cumulative precipitation from
2010–2011 than 2009–2010, precipitation was greater in April
and May 2011 at 243 mm than April and May 2010 at 154
mm. From June through September, precipitation was 601 mm
in 2010 and 309 mm in 2011. Average daily temperature was
similar among years, with 10.0°C in 2010 and 9.9°C in 2011.
Residual Herbage Mass
Residual herbage mass was 30% greater in FERT than
CONT and SUPP but differences depended on year and
rotation (Fig. 2). Residual herbage mass tended to be greater
after rotations early in the season in FERT and was a necessary
component of management to support the greater stocking
rates in this system. Smaller differences between systems after
the fifth rotation showed the management goal of nearly equal
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Fig. 1. Cumulative precipitation (mm) from October through September
for 2009 to 2010, 2010 to 2011, and 1968 to 2011 at Mead, NE.

cumulative grazing pressures was achieved. Residual herbage
mass was similar between years in CONT and SUPP. Occurrence of the hailstorm in September 2010, however, reduced
residual herbage mass after the fifth rotation and end of the
season in 2010 relative to 2011 in FERT. Across the season,
residual herbage mass was least after the first rotation in
April and greatest after the third rotation in June. The April
sampling occurred when plants were vegetative while the June
sampling occurred during peak reproductive growth. Relative differences in residual herbage mass between systems
were similar to differences in annual herbage accumulation
measured in cattle grazing exclosures separate from the grazed
herbage sampling locations in this study (Table 1; Guretzky
et al., 2013) and findings from a small plot N fertilization rate
study (Colville et al., 1963). Furthermore, these data support
the 30% greater paddock size to compensate for less herbage
mass in CONT than FERT (Table 1). While the goal was to
maintain a comparable cumulative grazing pressure at the end
of each grazing season (Table 1), it did not mean equal herbage mass before and after cattle rotations through the grazing
season. More herbage mass was an inherent part of the FERT
pastures, which supported greater stocking rates and animal
demand. Stocking rates were increased only to the point where
grazing pressure was comparable among management systems
and avoided overgrazing and limiting intake.

Fig. 2. Residual herbage mass in 2010 (A) and 2011 (B) after the
first, third, fourth, and fifth cattle rotations (April, July, August, and
September) and end of the grazing season (October) in smooth
bromegrass pastures. Systems included beef cattle rotationally stocked
on unfertilized control pasture (CONT), beef cattle supplemented
with corn dried distillers grains plus solubles while rotationally stocked
on unfertilized pasture (SUPP), and beef cattle rotationally stocked
on N-fertilized pasture (FERT). Bars represent standard errors of the
means (n = 3).

the grazing season ended, however, there were no differences
between systems.
Despite variation by system, year, and rotation, the size of the
litter pool was near those reported in other pasture and rangeland studies (Schuman et al., 1999; Boddey et al., 2004; Liu et
al., 2011). A concern with a reduction of the litter pool would
be its impacts on ecosystem function (Facelli and Pickett, 1991;
Naeth et al., 1991a; Willms et al., 1993). Indeed, increased
presence of annual grasses and forbs has been observed in
CONT and SUPP (Guretzky et al., 2013). Absence of these
species in FERT may be tied to presence of a greater litter pool
early in the season in this system. While it is difficult to use our
findings to predict upper and lower thresholds for the litter pool,
herbage accumulation, which averaged 10.58 Mg DM ha–1 in
FERT (Guretzky et al., 2013), did not appear to be suppressed
by a litter pool that reached 2500 kg OM ha–1 in spring (Fig. 3).
Soil moisture conservation, biological activity, and sustainable
herbage production, on the other hand, may require maintenance
of a minimum litter pool, which dropped below 500 kg OM ha–1
after the fourth rotation in SUPP (Fig. 3).

Litter Pool
The litter pool was similar between systems in 2010 (Fig. 3A)
but decreased by 36% in CONT and 46% in SUPP in 2011
(Fig. 3B). The litter pool tended to be greater early in the season
in FERT and likely resulted from greater trampling and senescence of herbage. With more herbage mass early in the season
(Guretzky et al., 2013), a greater litter pool would be expected
in FERT because there is a greater amount of plant parts to
senesce and be trampled by more animals. Meanwhile, the litter pool decline in CONT and SUPP in 2011 may be related to
less precipitation from 2010–2011 than 2009–2010, especially
before rotations in July and August when the litter pool and
rainfall differences between years were most evident. Reduction of the litter pool in SUPP also may be tied to the slightly
greater cumulative grazing pressure in this system relative to
CONT and FERT (Table 1). Before the fifth rotation and after
Agronomy Journal
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Litter Deposition
Management system effects on litter deposition depended
on the rotation (Fig. 4). Across years, litter deposition was
48% greater in FERT than CONT and SUPP after the third,
fourth, and fifth cattle rotations. Management system did not
affect litter deposition after the first cattle rotation in April
and after the grazing season ended in September. Although
litter deposition was not measured after the second rotation in
May, we presume there would have been greater litter deposition in FERT as a result of increasing herbage accumulation in
this system (Guretzky et al., 2013). Across the year, peak litter
deposition occurred after the third and fourth cattle rotations
and was less after these rotations in 2010 than 2011. Litter
deposition was consistent with the annual and seasonal patterns observed in residual herbage mass (Fig. 2).
Trampling likely provided a pulse of litter deposition
through detachment of senescent leaves and stems during the
4- to 6-d grazing periods, but measurements of litter deposition also reflected continuous deposition of senescent vegetation over the length of the grazing cycle. In measurements of
litter deposition, only leaves and stems that were senescent and
detached from the base of the plant were collected. Herbage

damaged by trampling in the preceding 4- to 6-d grazing
period may age quickly and return to the litter pool, but we
observed most of this vegetation remained semi-upright and
attached at the base of the plant, and thus, it was included in
measurements of the residual herbage pool. While trampling
may be a significant cause of herbage death, senescence from
the time of measurement of the litter pool to measurement
of litter deposition was a primary factor contributing to litter
deposition rate differences. Litter deposition measured after the
grazing season ended indicated that litter deposition remained
high without occurrence of the preceding 4- to 6-d grazing
period and that senescence during fall contributed to building
of the litter pool which had steadily declined from decomposition through the grazing season (Fig. 3).
Litter deposition also was examined on a daily rate basis to
account for varying time and senescence since measurement of
the litter pool. Nevertheless, similar results were found with
regard to management system effects. On average across the
third, fourth, and fifth rotations, litter deposition rates were
48% greater in FERT than CONT and SUPP, an expected
outcome of management for greater herbage mass and stocking rates in FERT. Across management systems and rotations,

Fig. 3. The litter pool in (A) 2010 and (B) 2011 before the first, third,
fourth, and fifth cattle rotations (April, June, July, and August) and
after the grazing season (September) in smooth bromegrass pastures.
Systems included beef cattle rotationally stocked on unfertilized
control pasture (CONT), beef cattle supplemented with corn dried
distillers grains plus solubles while rotationally stocked on unfertilized
pasture (SUPP), and beef cattle rotationally stocked on N-fertilized
pasture (FERT). Bars represent standard errors of the means (n = 3).

Fig. 4. Litter deposition in (A) 2010 and (B) 2011 after the first, third,
fourth, and fifth cattle rotations (April, July, August, and September)
and end of the grazing season (October) in smooth bromegrass
pastures. Systems included beef cattle rotationally stocked on
unfertilized control pasture (CONT), beef cattle supplemented with
corn dried distillers grains plus solubles while rotationally stocked on
unfertilized pasture (SUPP), and beef cattle rotationally stocked on
N-fertilized pasture (FERT). Bars represent standard errors of the
means (n = 3).

180

Agronomy Journal

•

Volume 106, Issue 1

•

2014

litter deposition rates ranged from 10.8 kg OM ha–1 d–1 in
2010 to 12.9 kg OM ha–1 d–1 in 2011. Increased senescence
associated with drier conditions may have contributed to this
general increase in litter deposition rates from 2010 to 2011.
While values were the first we have seen reported for smooth
bromegrass pastures, litter deposition rates have ranged from 2 to
5 kg DM ha–1 d–1 in semiarid grassland in Australia (Christie,
1979), 35 to 52 kg DM ha–1 d–1 in tropical Brachiaria pastures
(Boddey et al., 2004), 21 to 27 kg DM ha–1 d–1 in pangolagrass
(Digitaria eriantha Steud.) pastures (Bruce and Ebersohn,
1982), and 23 to 160 kg DM ha–1 d–1 in mixed tropical species
pastures (Bruce and Ebersohn, 1982). The increase in litter
deposition rates in FERT relative to CONT and SUPP tended
to be greater for the stem litter fraction (44%) relative to the
leaf litter fraction (30%) as stem litter accounted for 58% of
litter deposited in the pastures (data not shown).
While pasture and rangeland studies have focused on how
the litter pool and litter deposition rates decrease with increasing stocking rate (Boddey et al., 2004; Bruce and Ebersohn,
1982; Dubeux et al., 2006; Naeth et al., 1991b; Schuman et
al., 1999), few studies have evaluated effects of management
systems that maintain the same cumulative grazing pressure
but vary amount and source of N input in pastures. In rotationally stocked bermudagrass pastures managed with a constant
post-graze stubble height, Liu et al. (2011) indicated that N
fertilizer rate did not affect the litter pool or litter deposition rate. We question, however, whether management for a
constant post-graze stubble height would result in constant
post-graze (residual) herbage mass, which was not reported in
the latter study, under different N fertilizer rates and spatially
variable excreta deposition. Increases in tiller density and mass
are well-known responses to shifts in N fertility (Nelson, 1996)
that would result in different herbage masses despite maintenance of a constant stubble height. In our study, maintenance
of greater herbage mass before and after grazing was inherent to
supporting more cattle in FERT. Through use of put-and-take
stocking that increased utilization of excess herbage incrementally over the grazing season in FERT and feeding of DDGS
that substituted for herbage in SUPP, greater stocking rates
were supported in these treatments compared to CONT while
maintaining nearly equal (32–37 AUD Mg–1) cumulative
grazing pressures across treatments (i.e., with equal cumulative
grazing pressure, systems were not confounded by different
stocking rates; Table 1; Smart et al., 2010).

et al., 2009). Nitrogen concentrations in newly deposited
litter were most likely tied with herbage N concentrations
which have been found to increase with N fertilization rates
on smooth bromegrass (George et al., 1973; Zemenchik and
Albrecht, 2002). In this study, residual herbage N concentration and C/N ratio did not vary significantly among management systems (Table 2).
Other studies have reported N in the litter pool to range
from 6 to 7 g kg–1 in tropical Brachiaria pastures (Boddey et
al., 2004), 17 to 19 g kg–1 in mixed tropical species pasture
(Bruce and Ebersohn, 1982), and 14 to 15 g kg–1 in pastures in
coastal southeast Queensland (Bruce and Ebersohn, 1982). In
bermudagrass pastures, increasing N fertilization rate from 50
to 250 kg N ha–1 increased litter N from 12 to 19 g kg–1 and
decreased litter C/N ratio from 43 to 26 kg kg–1 (Liu et al.,
2011). Similarly in bahiagrass pastures, increasing N fertilization rate from 40 to 360 kg N ha–1 increased litter N from 14
to 23 g kg–1 (Dubeux et al., 2006). In our study, the absence of
management system effects on N concentration and C/N ratio
in the litter pool may have been due to rapid cycling of soluble
N during litter decomposition (Aerts and de Caluwe, 1997).
Furthermore, N fertilizer was applied only once per year in our
study compared to the bahiagrass (Dubeux et al., 2006) and
bermudagrass (Liu et al., 2011) studies where N fertilizer was
split-applied throughout the season and may have translated
into fertilizer rate effects on litter N.
Although N concentration and C/N ratio in the litter pool
was not affected by management, year and rotation did influence N concentration and C/N ratio in deposited litter, its
leaf and stem fractions, and residual herbage. Across rotations,
deposited litter N concentrations ranged from 15.2 to 19.9 g kg–1
in 2010 and 16.9 to 18.9 g kg–1 in 2011. However, these values
were not consistent with respect to rotations across years.
Meanwhile, the C/N ratio of deposited litter displayed trends opposite of N concentrations with respect to year and rotation. Residual
herbage N concentration and C/N ratio averaged 24.6 g kg–1 and
17.4 kg kg–1 after the first rotation in April 2011 but ranged
Table 2. Nitrogen concentration and C/N ratio of the litter pool, deposited litter, and residual herbage in smooth bromegrass pastures.
Management systems included beef cattle rotationally stocked on
unfertilized pasture (CONT), supplemented with corn dried distillers
grains plus solubles while rotationally stocked on unfertilized pasture
(SUPP), and rotationally stocked on N-fertilized pasture (FERT).
Fraction

Nitrogen Concentration and
Carbon/Nitrogen ratio

Litter pool
Deposited litter
Deposited leaf litter
Deposited stem litter
Residual herbage

Nitrogen concentration and C/N ratio of the litter pool
was similar among management systems averaging 19.5 g kg–1
and 25.0 kg kg–1, respectively (Table 2). Meanwhile, newly
deposited litter N concentrations were 12% greater and C/N
ratios were 10% less in SUPP and FERT than CONT, and
management system differences were apparent for both leaf and
stem litter fractions (Table 2). Regarding newly deposited litter,
the N values reported in this study were within the 11.3 to
20.4 g N kg–1 range reported for temperate cool-season grasses
(Vivanco and Austin, 2006). An increase in N availability has
been reported to increase newly deposited litter N in grasses
and forbs (Henry et al., 2005; Dubeux et al., 2006; Kazakou
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Litter pool
Deposited litter
Deposited leaf litter
Deposited stem litter
Residual herbage

Management system
CONT
SUPP
FERT
—————— g N kg–1 ——————
19.0
19.3
20.1
18.1ab
18.9b
16.5a†
20.9a
22.8ab
25.2b
12.5a
13.7b
13.9b
17.1
18.0
18.3
————— C/N ratio, kg kg–1—————
25.6
25.4
24.0
29.2a
26.5b
26.0b
23.5a
21.5ab
19.6b
38.6a
35.2b
36.4ab
24.7
23.7
23.5

† Values for each variable within rows without common letters differed at
P < 0.05 significance level.
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from 15.6 to 19.7 g kg–1 and 21.6 to 27.2 kg kg–1, respectively,
after the other rotations in this study. The high herbage N
concentration and low C/N ratio after the first rotation in
April 2011 can be attributed to sampling shortly after fertilization that spring.
Litter Nitrogen Pool and Litter Nitrogen Return
On a mass basis, the litter N pool was similar among management systems and rotations in 2010 (Fig. 5A) but tended
to be less through the grazing season in CONT and SUPP
than FERT in 2011 (Fig. 5B). The litter N pool was less before
the fourth and fifth rotations in 2011 than 2010 in CONT
and SUPP. On average across rotations, the litter N pool was
similar between 2010 and 2011 in FERT. After the grazing
season in September, there were no differences in litter N pools
between systems in either year. The absence of management
effects on litter N concentration (Table 2) indicated that variation in litter N pools was a function of variation in litter mass
which peaked early in the season in FERT before converging
with litter mass values observed in CONT and SUPP after
the grazing season. The converging of litter mass and N pools
to similar values across treatments was due to progressively

Fig. 5. Litter N pool in (A) 2010 and (B) 2011 measured before the first,
third, fourth, and fifth cattle rotations (April, June, July, and August)
and after the grazing season (September) in smooth bromegrass
pastures. Systems included beef cattle rotationally stocked on
unfertilized control pasture (CONT), beef cattle supplemented with
corn dried distillers grains plus solubles while rotationally stocked on
unfertilized pasture (SUPP), and beef cattle rotationally stocked on
N-fertilized pasture (FERT). Bars represent standard errors of the
means (n = 3).
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increased stocking rates and utilization of surplus herbage
produced early in the season in FERT.
Within newly deposited litter, N return was 80% greater
in FERT than CONT and SUPP but also depended on year
and rotation (Fig. 6A). Litter N deposition was greatest in
FERT after the third, fourth, and fifth rotations and reflected a
combination of greater litter deposition (Fig. 4A) and increased
deposited litter N concentrations (Table 2). No differences
existed among management systems in litter N deposition
after the first rotation (Fig. 6A) and after the grazing season
ended in September, periods when litter deposition was similar
among management systems. On a rate basis, deposited litter
returned 0.17, 0.19, and 0.29 kg N ha–1 d–1 in CONT, SUPP,
and FERT, respectively, with differences between systems being
greatest after the third, fourth, and fifth rotations. On average
across years and systems, litter N return peaked seasonally at
0.30 kg N ha–1 d–1 after the fourth rotation while averaging
0.19 kg N ha–1 d–1 after the other rotations. Daily litter N
return was 22% greater in 2011 than 2010, a response reflecting
that observed for litter deposition rates. Of litter N returned to
the pasture, 55 and 45% were derived from leaf and stem litter
fractions, respectively, and in the same way as overall litter,
litter N returned in leaf and stem litter fractions was greater in
FERT than CONT and SUPP (data not shown). Using average

Fig. 6. Litter N deposition in (A) 2010 and (B) 2011 after the first, third,
fourth, and fifth cattle rotations (April, July, August, and September)
and end of the grazing season (October) in smooth bromegrass
pastures. Systems included beef cattle rotationally stocked on
unfertilized control pasture (CONT), beef cattle supplemented with
corn dried distillers grains plus solubles while rotationally stocked on
unfertilized pasture (SUPP), and beef cattle rotationally stocked on
nitrogen-fertilized pasture (FERT). Bars represent standard errors of
the means (n = 3).
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daily rates of litter N return across a 158-d grazing season
(Table 1), litter deposition was computed to return 27, 30, and
46 kg N ha–1 to the soil surface and account for 35, 23, and
34% of total N returning (litter N + excreta N; Table 1) to the
pasture in CONT, SUPP, and FERT, respectively. Reduction
in litter N return relative to total N return indicates potential
for faster N cycling, as well as N losses, in SUPP relative to
CONT and FERT because of the slower rate at which litter
N becomes available for plant growth (Haynes and Williams,
1993). The SUPP system, however, has advantages economically as cattle gain more weight and use N more efficiently than
cattle in CONT and FERT (Greenquist et al., 2009, 2011;
Moore et al., 2012; Watson et al., 2012).

158-d grazing season, equivalent to 35, 23, and 34% of total N
returning (litter N + excreta N) in CONT, SUPP, and FERT,
respectively. Although reduction of litter N return in CONT
and SUPP would have a small impact on total soil N, loss of N
from pastures may increase with a shift towards more excretal
N return as observed in SUPP. Increase of litter deposition and
N return through the grazing season in FERT indicates greater
potential of this system to maintain soil quality. More research
is needed to examine whether these management systems differentially affect litter decomposition, N mineralization, and
soil organic C and N dynamics.
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